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Abstract 
To achieve a beautiful appearance, the outdoor machine of a residential air conditioning system is often placed in a groove and 
shield with a louver. This paper presents split air conditioner outdoor machine in the semi closed space within the optimal 
locations and louver form. This study is based on the enthalpy difference laboratory platform, to evaluate an outdoor unit 
installation and lover form effect on air-conditioning energy and EER. The results show that the condenser should be more than 
80mm away from the walls; The EER increased with increasing distance and the optimal distance away from the fan louver was 
approximately 300mm. The heat dissipation effects of the air conditioner were better with a greater louver spacing. The optimal 
louver angle was approximately 30 ° when the outdoor wind come from the lateral direction. The air-conditioning efficiency was 
much higher than when the wind came from the front. Therefore, the outdoor unit and the local dominant wind direction should 
be presented to the lateral wind. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ISHVACCOBEE 2015. 
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0 Introduction 
To maintain the aesthetics of building facades, the outdoor units of split air conditioners are often placed in the 
groove in the building and the louver is obscured. On the other hand, when the outdoor unit layout is unreasonable, 
the thermal environment within the grooves will deteriorate, which will affect the overall operating efficiency of the 
air conditioning system. Figure 1 presents the outdoor unit within the groove of the building. Studies have shown 
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that if the entering condenser coil cooling air temperature rises by 1 ć, the COP (Coefficient Of Performance) value 
of the air conditioning system decreases by 3% [1]. When the air temperature exceeds 43 ć, an automatic protection 
system is activated in the air conditioner, and the compressor will stop running [2].  
 
Figure 1 Groove outdoor unit location in the building 
Therefore, it is important to determine the rational arrangement of the outdoor unit in the groove heat 
environment, and to improve the efficiency of the air conditioning system. 
Many studies have examined the thermal environment of outdoor units. T.T.Chow et al. [3] performed a relevant 
numerical simulation of the effects of the building structure on the outdoor machine, and made a prediction of the 
heat of a high-rise residential outdoor machine. H.Xue and other scholars [4] simulated the effects of the installation 
distance and fan out of an outdoor machine with the air velocity on the thermal environment around the outdoor 
machine, the variation of COP obtained for several natural wind conditions and layout aspects of the outdoor unit. 
Seok-Ho Choi et al. [5] conducted CFD analysis of when the outdoor unit is arranged densely, the outdoor unit inlet 
air temperature increases rapidly, and on the corresponding outdoor unit layout scheme. CAC Laboratory and LG 
Electronics [6] examined the optimal position of the outdoor machine of wall and identified the worst case analysis 
using a numerical method. In the experiment, H.Xue and other scholars [7] conducted experiments using the "model" 
method or aiming at air conditioning in summer, they examined the installation distance and the air velocity of the 
fan on the effect of the thermal environment around the outdoor machine, and the effects of the different opening 
degrees of the louver on the installation air conditioning in summer. Y.H. Yau and H.L. Pean [8] analyzed the impact 
of weather on air conditioners, and pointed out that when outdoor temperature is increased by 1ć, the total cooling 
capacity of the system is decreased by 2%. 
Based on the above issues, this study combined the inlet air temperature, heat dissipating capacity and 
refrigerating capacity with the EER (Energy Efficiency Ratio) as the evaluation index, and conducted an 
experimental study of the outdoor unit installation, blinds and outdoor environment, which influence the outdoor 
thermal environment and air-conditioning energy. The data is expected to help provide a reference for energy 
efficiency and building facade aesthetics, and a compact design coordinated air conditioner. 
1 Experimental design 
1.1 Experimental principles 
According to the GB/T7725-2004 "Room air conditioner" standard (GB/T 7725-2004) [9], the use of a room heat 
balance method and enthalpy difference method can test the performance of the air conditioner refrigeration. On the 
other hand, when using the room heat balance method, there are some shortcomings, such as the time to reach 
thermal equilibrium is long, and it is not a non-steady ability test. Therefore, this experiment adopted the air enthalpy 
difference method on the cooling performance of the air conditioner test. Figure 2 shows a schematic diagram of the 
enthalpy difference laboratory experiment. 
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The air enthalpy difference test method included the external duct method of the outdoor unit, the air sampling 
method, the test wind point, and indoor unit of air enthalpy difference method. This study used the external duct 
method of the outdoor unit, namely a direct test of the air velocity and the temperature of the inlet and outlet position 
of the outdoor unit, and then calculated the heat release of the outdoor unit. By measuring the power of the 
compressor, the cooling capacity of the air conditioner, which is the difference between the two, can be determined. 
Figure 2 Schematic diagram of enthalpy difference lab 
The air enthalpy difference test method included the external duct method of the outdoor unit, the air sampling 
method, the test wind point, and indoor unit of air enthalpy difference method. This study used the external duct 
method of the outdoor unit, namely a direct test of the air velocity and the temperature of the inlet and outlet position 
of the outdoor unit, and then calculated the heat release of the outdoor unit. By measuring the power of the 
compressor, the cooling capacity of the air conditioner, which is the difference between the two, can be determined. 
1.2 Analysis of influence factors  
Through comparative analysis with the thermal environment around the building outdoor unit of split type air 
conditioner investigation and the research in Tianjin, the main factors that affect the thermal environment around the 
outdoor machine are as follows: installation of the outdoor unit, louver type and outdoor environment. Figure 3 
presents an outdoor machine in the groove; the air outlet is shielded with a louver. The radiator of outdoor unit in the 
experiment is L type, so the air inlet is also of type L, L1 and L2 in the figure is the distance from the air inlet of the 
outdoor machine to the wall, L4 is the distance from the outdoor machine air outlet louver to the wall, L3 is the 
distance from the outdoor machine to the wall. 
All the parameters in the Table 1 options was set based on a numerical simulation and field survey. Yuebo Jiang 
[10] examined the effects of the distance (100mm, 200mm and 300mm) of an outdoor unit installed in the groove. 
When the outdoor unit from the wall distance was 100mm, the average inlet air temperature of outdoor unit was 
36.9 ć, and the highest inlet air temperature was 42 ć. When the distance was 300mm, the average air temperature 
of the outdoor unit was 36.1 ć, and the highest inlet air temperature was 37 ć. The air inlet temperature of the 
outdoor unit decreased with increasing distance from the wall of the outdoor unit. Therefore, A1~A6 five installation 
distances were selected to conduct an experiment, as shown in Table 1. Among them, A1-A4 is changing outdoor 
machine inlet position away from the wall distance, other position unchanged, A2, A5, A6 indicates the change of 
the outdoor machine between the air outlet and the louver distance, other invariant. Regarding the louver opening 
size, Dejun Gu [11] reported that when the louver angle (louver with horizontal angle) was less than 30°, the 
condenser temperature was below 38°C and there was little change. When the louver angle was greater than 30e, 
the returned air will be absorbed, and the average temperature of the condenser will be higher than 43 ć. C 
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Xiaodong Jiang [12] suggested that when the grill porosity is greater than 0.6, it can satisfy the reliable operation of 
the air conditioning system, so the experimental conditions were set to B1~B6. The B1~B3 and B4~B6 are the 
conditions when the louver opening is different between the 50mm and 100mm louver spacing. 
 
Figure 3 The installation mode of the outdoor machine and louver form in the groove 
Table1 Experiment conditions 
Experiment conditions 
Installation of outdoor machine/mm Louver form 
L1 
 
L2 
 
 
L3 
 
 
L4 
 
Louver 
opening( e) 
Louver 
spacing/mm 
Effects of different installation methods 
A1 100 100 200 100 20 50 
A2 200 200 200 100 20 50 
A3 300 300 200 100 20 50 
A4 100 100 200 300 20 50 
A5 100 100 200 500 20 50 
Effects of different louver form 
B1 100 100 200 100 0 50 
B2 100 100 200 100 20 50 
B3 100 100 200 100 40 50 
B4 100 100 200 100 40 100 
B5 100 100 200 100 20 100 
B6 100 100 200 100 0 100 
2 Results 
All tables should be numbered with Arabic numerals. Every table should have a caption. Headings should be 
placed above tables, left justified. Only horizontal lines should be used within a table, to distinguish the column 
headings from the body of the table, and immediately above and below the table. Tables must be embedded into the 
text and not supplied separately. Below is an example which the authors may find useful. 
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2.1 The influence of the installations 
This study examined the influence of different installation methods on the surrounding outdoor thermal 
environment and air conditioning running performance. The concrete experiment conditions, shown in A1 ~ A6.A1, 
A2, A3, andA4, are the conditions for examining the thermal environment around the outdoor unit when the distance 
between outdoor unit and wall changes. A2, A5 and A6 are the conditions used to study the thermal environment 
around the outdoor unit when the distance between air outlet and louver changes. 
First, a comparison of the inlet air temperature, heat dissipating capacity, cooling capacity and EER of A1, A2, 
A3, and A4 (figure 4 ~ 5) showed that with increasing distance between the outdoor unit and wall, the inlet air 
temperature of the outdoor unit decreased greatly, the heat dissipation capacity and cooling capacity increased, and 
the EER increased significantly. When the condenser is 300 mm away from the wall, the average temperature of 
inlet air was 37.2 ć, the heat dissipation capacity and cooling capacity increased by 20.2% and 30.4%, respectively, 
compared to that at a distance of 80 mm, and the EER increased by 30.4%. When the heat dissipation was in good 
condition, the outdoor energy efficiency was higher. When the distance away from the wall is greater than 80mm, 
the inlet air temperature, the EER, the amount of heat, and refrigeration quantity tend to be gentle. 
 
 
In contrast to the inlet air temperature, heat dissipating capacity, cooling capacity and EER of A2, A5 and A6, as 
shown figures 6~7, the inlet air temperature of the outdoor unit decreased with increasing distance between the air 
outlet and louver.  When the distance between the air outlet and the louver was 300 mm, the average temperature of 
the inlet air was lowest at 37.7ć. The EER increased first and then decreased, when the distance between the air 
outlet and the wall was 300 mm, and the EER increased by 7.8% than a distance of 100 mm. The heat dissipating 
capacity and cooling capacity initially increased rapidly and then increased slowly. This means that when the 
distance between the air outlet and louver is 300 mm and 500 mm, the difference in the heat dissipating capacity and 
cooling capacity was small and can be regarded as no change. 
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Figure 4 Inlet temperature of outdoor unit of 
different distance from the wall to the condenser 
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Figure 5 Heat dissipating capacity, outdoor unit 
refrigerating capacity and the input power of the 
compressor and EER under various conditions 
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This is because as the distance of the condenser from wall increases, the space of the return air increases, and the 
outdoor air can enter smoothly and exchange heat with the condenser. Therefore, the cooling effect can be optimized. 
As the space between the fan and the louver increases, the ventilated space also increases, so the heat dissipation 
effect is better and the EER is increased. On the other hand, when the distance between the fan and louver exceeds a 
certain limit, the discharge of hot air will be difficult, and it will be difficult for air to move directly into the 
condenser of the "airflow short circuit" phenomenon because of the limited static pressure. Hence, the phenomenon 
of a decrease in EER appears. 
The above analysis shows that the heat dissipation of the outdoor unit and the higher EER of air conditioning 
system improve with increasing distance from the wall of the outdoor unit. Combined with the simulation results, the 
distance from the wall to outdoors should be greater than 80 mm, and there is an optimal distance between the fan 
and louver, i.e., around 300 mm, which has the best cooling effect and highest EER. 
2.2Effects of louver form 
To maintain the uniform facade of the building, the outdoor unit is installed in the groove and is shielded by 
louvers. Therefore, the louver type also plays an important role on the thermal environment of outdoor machines. 
The specific experimental conditions, as shown in B1~B6, were as follows: B1~B3 and B4~B6 are a comparative 
study of the different louver angles, and the louver pitch is 50mm and 100mm, respectively. 
Figure 8 shows the effects of the different louver angle on the thermal environment around the outdoor machine, 
which is the air inlet temperature of the outdoor machine at different louver openings when the louver pitch is 50mm. 
As shown in the graph, with increasing louver opening, the air inlet temperature of the outdoor machine decreased 
first and then increased, and the increased amplitude was much larger than the decreased amplitude. A comparison 
of the refrigerating capacity and heat dissipation (Figure 9) shows that with increasing louver opening, refrigeration 
and heat dissipation is increased initially and then decreased. Hence, the air conditioner is running well. The 
calculated result shows that the EER was the highest, and the ratio of the EER was 0.9% and 6.9% higher at 0° and 
40°, respectively, when the louver angle was 30°. When the louver pitch was 100mm, the variation of the inlet air 
temperature, heat capacity, refrigerating capacity, and EER was similar to that at 50mm. 
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Figure 6 Inlet air temperature of the outdoor unit 
when the fan and louvers distance is not the 
same 
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Figure 7 Heat dissipating capacity, outdoor unit 
refrigerating capacity and the input power of the 
compressor and EER under various conditions 
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The effects of the different louver spacing on the thermal environment around the outdoor machine were 
examined. Figure 10 shows the air inlet temperature of the outdoor machine at different louver openings when the 
louver angle is 30°. When the louver pitch was 50mm, the air inlet temperature of an outdoor machine was far 
greater than that at 100mm. With increasing louver opening rate, the air inlet temperature of the outdoor machine 
decreased significantly, and the heat capacity, refrigerating capacity and EER increased, the EER increased 
approximately 15.3%. When the louver angle was 0° and 40°, the variation of every parameter was similar.  
Because of the hot air from the outdoor machine through the louver is released into the atmosphere, if the louver 
is opened too much, the hot air and louver will collide. Therefore, the exhaust energy will decrease, causing some of 
blockage hot air flow in the groove, and even causing a back flow phenomenon, which will affect the heat radiation 
of the outdoor machine. Although increasing the louver spacing will increase the exhaust space, the ventilation of the 
outdoor machine is improved, which optimizes the operation status of the air conditioning system. 
Combining the reference of simulation study on the louver angle of Gu Dejun with the textual experiment, the 
suggestion for building an air conditioning system is that the louver porosity should be increased as much as possible, 
and the louver angle should be kept at 30 ° considering the external wall appearance. 
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Figure 10 Inlet air temperature under different louver spacing of the outdoor unit 
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Figure 8 Inlet air temperature under different 
louver opening of the outdoor unit 
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Figure 9 Heat dissipating capacity, outdoor unit 
refrigerating capacity and the input power of the 
compressor under various conditions 
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3 Conclusion 
This study examined the thermal environment in the groove around the outdoor unit as the starting point with 
particular focus on the factors analyzed. The following conclusions were made: 
1. As the distance of the outdoor unit from the wall increases, the outdoor machine heat radiation effect improves, 
and the EER increases. The results suggest that combined with the groove occupied area, the wall distance should be 
at least 80mm; The optimal distance between the fan and the louver for the best cooling effect was approximately 
300mm, which is the distance between the outdoor machine and the blinds, and the EER is the highest at this 
distance. 
2. When the louver spacing is fixed, there is an best louver angle, which is approximately 30° when the air 
conditioning is at its highest energy efficiency. When blinds spacing increases, the amount of heat in the outdoor 
unit, cooling capacity and energy efficiency also increase. Therefore, the proposed residential air conditioning 
system does not affect the aesthetics of the facade of the premises. Overall, for optimal performance whilst 
maintaining esthetics, the distance between the wall and louvers should be increased, and the louver angle should be 
maintained at approximately 30°. 
Here introduce the paper, and put a nomenclature if necessary, in a box with the same font size as the rest of the 
paper. The paragraphs continue from here and are only separated by headings, subheadings, images and formulae. 
The section headings are arranged by numbers, bold and 10 pt. Here follows further instructions for authors.  
References 
[1] T.T Chow, Z. Lin, X.Y.Yang, Placement of condensing units of split-type air-conditioner sat low-rise residences, Applied Thermal 
Engineering, 22 (2002) 1431-1444. 
[2] B. Wen,  Provided housing for outdoor machine of split air conditioner [J].HVAC, 40 (10) 54-56.CAC Laboratory, LG Electronics Inc, 
Optimum placement of top discharge outdoor unit installed near a wall. Energy and buildings. (2013) 228-235. 
[3] T.T.Chow, Z.Lin, Predietion of on-coil temperature of condensers installed at tall building re-entrant [J], APPlied Thermal Engineering. 19 
(1999) 117-132. 
[4] H. Xue, B. Xu, J.Wu, Prediction of temperature rise near condensing units in the confined space of a high-rise building, Energy and Buildings. 
42 (2007) 2480-2487. 
[5] S. H. Choi, K. S.  Lee, B. S.  Kim, Effects of stacked condensers in a high-rise apartment building[J], Energy. 30 (2004) 968-981. 
[6] Z. M. Cheng, H. Zhao,Y. Ma, Analysis of the louver open effect of outdoor machine environment[J], HVAC. 39(1) (2009) 133-135. 
[7] H.Xue, S.K.Chou, X.Q.Zhong, Thermal environment in a confined space of high-rise building with split air conditioning system [J], Building 
and Environment. 39 (2004) 817-823. 
[5] J. J. Zhou, Simulation analysis of a super tall building with multi connected air-conditioning outdoor machine layout airflow [J], The 
refrigeration and air conditioning and power machinery. (2010) 49-51. 
[6] K. J. Ryu, K. S. Lee, B. S. Kim, Optimum placement of top discharge outdoor unit installed near a wall [J], Energy and Buildings. 59 (2013) 
228-235.  
[7] M.Bojic, M.Lee, F.Yik, Flow and temperature outside a high-rise residential building due to heat rejection by its air-conditioners [J], Energy 
and Building. 33 (2001) 737-751. 
[8] Y.H. Yau, H.L. Pean, The performance study of a split type air conditioning system in the tropics, as affected by weather, Energy and 
buildings. (2014) 1-7. 
[9] GB/T 7725-2004, Room air conditioner [S], China Standard Press. 
[10] Y. B. Jiang, Study on the thermal environment around the outdoor unit of air conditioner[D], Master's thesis, Tianjin University of 
Commerce, Tianjin, 2013. 
[11]  D. J.  Gu, Effect of outdoor machine room grille on the operating environment of air conditioner[J], Green technology. 06 (6) (2012) 271-
274. 
[12] X. D. Jiang, X. P. Su, CFD Research grille porosity on the performance of an air conditioner outdoor unit effects [J], Refrigeration and Air 
Conditioning. 10 (3) (2010) 25-29. 
